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The fact that neutrinos are massive indicates that the Standard Model (SM) requires extension.
We propose a low energy ( <∼ TeV ) B − L extension of the SM, which is based on the gauge group
SU(3)C ×SU(2)L×U(1)Y ×U(1)B−L. We show that this model provides a natural explanation for
the presence of three right-handed neutrinos in addition to an extra gauge boson and a new scalar
Higgs. Therefore, it can lead to very interesting phenomenological implications different from the
SM results which can be tested at the LHC. As an application of this class of models to low energy
phenomena, we consider the muon anomalous magnetic moment. We show that it may receive
enhanced contributions, which account for the experimental results.
There are at present two pieces of evidence which hint
at physics beyond the SM: (i) The solid evidence for
neutrino oscillations, pointing towards non-vanishing
neutrino masses. In the SM, neutrinos are massless
due to the absence of right-handed neutrinos and the
exact B − L conservation. (ii) The strength of CP vi-
olation in the SM is not sufficient to generate the ob-
served baryon asymmetry in the universe. The neutrino
mass puzzle and the baryon asymmetry problem can
be readily solved by introducing right-handed neutri-
nos. Right-handed neutrinos lead to the see-saw mech-
anism. This mechanism explains, in an elegant way,
why neutrinos are much lighter than the other elemen-
tary fermions. Also, the new complex phases in the
leptonic sector can generate lepton asymmetry, which
is converted to baryon asymmetry, through the decay
of the right-handed neutrinos.
The tremendous success of gauge symmetry in de-
scribing the SM makes us believe that any extension
of this model should be through the extension of its
gauge symmetry. The minimal type of this exten-
sion is based on the gauge group GB−L ≡ SU(3)C ×
SU(2)L × U(1)Y × U(1)B−L. In fact, the SM is char-
acterized by possessing, at the renormalizable level, a
global U(1)B−L symmetry. If this symmetry is gauged,
the existence of three SM singlet fermions (we call them
right handed neutrinos) are predicted by the anomaly
cancellation conditions, as crucial ingredients for the
consistency of the model. In addition, the model also
contains an extra gauge boson corresponding to B − L
gauge symmetry and an extra SM singlet scalar (heavy
Higgs). This may change significantly the SM phe-
nomenology and lead to interesting signatures at the
LHC.
In fact, it is very difficult to imagine that the new
physics beyond the SM that nature adopted for gen-
erating neutrino masses will not be manifested in any
other low energy process. Indeed, this is the case when
three right-handed neutrinos are randomly added to the
SM spectrum. However, with this minimal extension of
the SM gauge group, one finds that the neutrino masses
are strongly related to some other low energy processes.
It is worth mentioning that the extra gauge and Higgs
bosons contained in this class of models are playing im-
portant role in establishing this relation between the
mechanism of generating the neutrino masses and low
energy physics consequences.
In this letter we reappraise the low scale scenario of
B−L extension of the SM. We will show that this class
of model can account for the experimental results of the
light neutrino masses and their large mixing. The TeV
scale B−L symmetry breaking and see-saw mechanism
have not been considered in much details in the litera-
ture. There were some attempts in the past for analyz-
ing the B − L extension of the SM [1]. However, these
attempts were focused on the neutrino masses, based
on old experimental results, in minimal or non-minimal
extensions of the SM that include B − L symmetry.
Here, we perform a complete analysis for the low scale
( <∼ 1TeV ) B − L minimal extension of the SM, where
the effects of the new spectrum in different sectors are
simultaneously taken into account.
The U(1)B−L gauge symmetry can be spontaneously
broken by a SM singlet complex scaler field χ ac-
quiring non-vanishing vacuum expectation value (vev):
|〈χ〉| = v′/√2. On the other hand, a non-zero vev for
the neutral component of a complex SU(2) doublet of
scalar fields φ: |〈φ〉| = v/√2 breaks the SU(2)L×U(1)Y
symmetry down to U(1)em. It is remarkable that the
scale of U(1)B−L symmetry breaking, v
′, is not fixed.
However, as we will see, the mass of the associate B−L
gauge boson C is given in terms of v′. Therefore it can
be bounded from below by the limits obtained from the
experimental searches for extra neutral gauge boson.
In order to analyze the B − L and electroweak sym-
metry breaking, we consider the most general Higgs po-
tential invariant under these symmetries, which is given
by







2where λ3 > −2
√
λ1λ2 and λ1, λ2 ≥ 0, so that the po-
tential is bounded from below. This is the stability
condition of the potential. Furthermore, in order to
avoid that 〈φ〉 = 〈χ〉 = 0 be a local minimum, we have
to require that λ23 < 4λ1λ2. In this case, the non-zero










As can be seen from the above expressions, the vevs
v and v′ can not be emerged unless negative squared
masses, m21 < 0 and m
2
2 < 0, are assumed, as in the
usual Higgs mechanism of the SM. It is also interesting
to note that with λ3 > 0, it is possible to generate non-
vanishing vev v′, i.e., the B − L symmetry is broken,
while the vev v = 0. This type of minimum corresponds
to the scenario of two stages symmetry breaking at dif-
ferent scale, with v′ ≫ v. In our analysis, we are inter-
ested in the case of low scale v′, which might be of order
the electroweak. Therefore, we will focus on the follow-
ing region of mixing coupling λ3: 0 > λ3 > −2
√
λ1λ2.
In Fig1. we present the vevs of the potential V (φ, χ) in
case of m21,2 < 0, λ3 ≃ −0.5
√
λ1λ2 and λ1,2 ∼ O(1)
The Lagrangian of the leptonic sector in the minimal











− V (φ, χ)−
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where Cµν = ∂µCν − ∂νCµ is the field strength of the
U(1)B−L. The covariant derivative Dµ is different from





U(1)B−L gauge coupling constant and YB−L is the B−L
quantum numbers of involved particles. The YB−L
for leptons and Higgs are given by: YB−L(l) = −1,
YB−L(eR) = −1, YB−L(νR) = −1, YB−L(φ) = 0 and
YB−L(χ) = 2. In Eq.(3), λe, λν and λνR refer to
3× 3 Yakawa matrices. After the B −L gauge symme-




The high energy experimental searches for an extra neu-
tral gauge boson (is usually called Z ′) impose lower
bounds on this mass. The strongest limit comes from
CDF [2] which leads to MC > 600 GeV. In this case,
with g
′′ ≃ O(1), one finds that v′ > O(300) GeV. Note
that in our convention, we have v ≃ 246 GeV.
Now we turn to the Higgs sector in this class of mod-
els. As mentioned, the Higgs scalar fields in GB−L con-



















FIG. 1: The B − L and electroweak symmetry breaking
minima with m21 < 0, m
2
2 < 0 and λ3 ∼ −0.5
√
λ1λ2.
scalar single, i.e., six scalar degrees of freedom. When
the B−L and electroweak symmetries are broken, four
of them are eaten by C, Z0 and W± bosons and two
scalar bosons (φ, χ) remain as physical degrees of free-
dom. From the mass terms in the scalar potential, one























cos θ − sin θ






where the mixing angle θ is defined by
tan 2θ =
|λ3|vv′
λ1v2 − λ2v′2 . (7)





(λ1v2 − λ2v′2)2 + λ23v2v′2. (8)
We call φ1 and φ2 light and heavy Higgs bosons respec-
tively. From these expressions, it is clear that λ3 is the
measuring of the mixing between the SM Higgs and the
B−L extra Higgs. For instance, with λ3 = 0, there is no
mixing and the Higgs masses is given by mφ =
√
2λ1v,
as in the SM, and mχ =
√
2λ2v
′. While for λ3 6= 0, one
finds that the light Higgs mass becomes smaller than
the SM prediction.
Due to the Higgs mixing in GB−L model, the usual
SM couplings among the light Higgs and the SM





















Here, we follow the conventions of Ref. [3] for the Feyn-
man rules of the vertices where a factor −in! is multi-
plied by the interaction terms, and n is the number of
identical particles in the vertex. Furthermore, the fol-
lowing new couplings between the heavy Higgs φ2 and









gφ1φ2V V = −2i
M2V
v2
cos θ sin θ.
We have adopted the first order approximation of the
mixing angle θ. Therefore, terms of order sinn θ, n ≥ 2
have been neglected. Also, the right-handed neutrino
and the B − L gauge boson C are now coupled with


















cos2 θ gφ1φ2CC = 2i
M2C
v′2
cos θ sin θ.
Finally we consider the Higgs self interaction vertices.
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v cos3 θ + λ3v
′ cos2 θ sin θ









v′ cos3 θ − λ3v cos2 θ sin θ
+ 3λ1v cos









These new couplings will lead to a different Higgs phe-
nomenology from the well known one predicted by the
SM. The detailed analysis of Higgs bosons in this class
of models and their phenomenological implications, like
their productions and decays at the LHC, will be given
elsewhere [4]. Here, as an example of the new implica-
tions of the B−L symmetry breaking on the light Higgs








FIG. 2: Feynman diagrams that lead to one-loop quadratic
divergences for the light Higgs boson mass in B−L extension
of the SM.
It is well known that the radiative correction to the
SM Higgs boson lead to quadratic divergence in the cut-












Therefore and as suggested by Veltman [5], the cancel-
lation of the quadratic divergences may lead to a predic-
tion for the Higgs mass. Indeed withMH ∼ (320 GeV )2
the above correction would vanish. However, this con-
clusion valid only at the one loop level and one has to
ensure that it can also be valid at higher orders.
In our model with B − L symmetry, the Feynman
diagrams that lead to one-loop quadratic divergences
for the light Higgs boson mass are given in Fig. 1, where
Higgs boson, gauge boson and fermion are running in
the loop. It is worth noting that three new diagrams
different from the SM ones are now involved. These
diagrams include loop with right-handed neutrino, C




























As can be seen from the above equation that in the B−L
extension of the SM, the light Higgs mass can not be
predicted from the cancellation condition of quadratic
divergences. Furthermore, with a low scale B−L sym-
metry breaking, the fine tuning problem of the Higgs
mass corrections may not be as sever as in large scale
seesaw mechanism. In fact, with v′ (O(< TeV )) as the
highest scale in this class of models (if one avoid the
quantization of gravity), one finds that the correction
ofM2H is rather controlled and no need to invoke super-
symmetry.
Next, we consider the neutrino masses and mixing
in this class of low energy B − L extension of the
SM. As can be observed from Eq.(3), the right handed
neutrino masses are generated after U(1)B−L is spon-
taneous broken and they are given by MR = λνRv
′.
Therefore, it is clear that if v′ >∼ 300GeV and λνR/4pi ∼
O(1), then MR ≃ O(TeV ). On the other hand, after
the elctroweak symmetry breaking the interaction term
4λν lφ˜νR leads to the following Dirac neutrino mass term:
mD ≃ λνv. Thus, the massmD depends on the value of
the neutrino Yukawa coupling λν and lies in the range
of O(100) GeV for λν ∼ O(1) and O(10−4) GeV for
λν ∼ λe, where λe is the electron Yukawa coupling.
From the lagrangian of the neutrinos after the sym-
metry breaking, one finds the following mass matrix for






In case of MR >> mD, the digitalization of the mass
matrix leads to the following light neutrino masses:
mν = −mDM−1R mTD. (16)
Thus, B-L gauge symmetry can give a natural expla-
nation for the seesaw mechanism and light neutrino
masses. The solar and atmospheric neutrino oscillation
experiments have provided measurements for the neu-
trino mass-squared differences and also for the neutrino
mixing angles. At the 3σ level, the allowed ranges are
[6]:
∆m212 = (7.9± 0.4)× 10−5eV2,
|∆m232| = (2.4 + 0.3)× 10−3eV2
θ12 = 33.9
◦ ± 1.6◦, (17)
θ23 = 45
◦, sin2 θ13 ≤ 0.048.
It is attempting to assume a very large scale, i.e.,
MR ∼ 1015 GeV in order to explain the atmospheric
and solar neutrino data. However, as can be seen from
Eq.(16), such a large scale of MR is indeed necessary if
the Dirac neutrino masses are assumed to be of order
O(100) GeV. In fact there is no any low energy evidence
that indicates the the Dirac neutrino masses should be
of that order. On the contrary, if one tries to establish
a flavor symmetry between charged and neutral leptons
as in quark sector between up and down, one finds that
the Dirac neutrino masses should be very small and have
values of order O(10−4) GeV, which implies that order
TeV MR is quite acceptable. It is important to note
that the justification of large neutrino mixing, shown in
Eq.(18), is beyond the gauge symmetry (B − L or any
other extension). In fact, this requires a flavor sym-
metry to explain a large mixing in neutrino (leptonic)
sector with a small mixing in quark sector. A detailed
analysis about the neutrino masses and mixing in this
class of models, with special emphasis on low scale as-
sociate leptogensis, will be discussed elsewhere [7].
Finally, we consider a possible low energy implication
for this class of models. In particular, we analyze the
new contributions to the muon anomalous magnetic mo-
ment (aµ). The aµ has recently been determined with
a very high precision. From the the measurement of
E821 collaboration at the Brookhaven National Labo-
ratory the average value of aµ is given by [8]
aexpµ = (116592080± 60)× 10−11 (18)
This value differs from the SM prediction by 2.6σ
∆aµ = a
exp
µ − aSMµ = (253± 91)× 10−11 (19)
In our model, aµ can be generated, in addition to the
SM contributions, through other one loop diagrams me-
diated by the new gauge boson C and the extra Higgs
boson φ2. We find that the C-boson contribution is





where mµ is the mass of the muon. Therefore, for
v′ >∼ 300 GeV on finds that ∆aµ <∼ 0.23× 10−9, which
is consistent with the experimental results in Eq.(19).
To conclude, we have analyzed the minimal extension
of the SM, which is based on the TeV scale B−L gauge
symmetry. We have shown that this class of models
can give a natural explanation for the TeV scale seesaw
mechanism and very small neutrino masses. We empha-
sized that the Higgs sector of this model is quite rich
and has interesting implications, which can be tested
at the LHC. We also found that it may lead to relevant
contributions to other low scale processes like the muon
anomalous magnetic moment.
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